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TESTS OF A WING-NACELLE-PROPELLER COMBINATION AT SEVERAL PITCH
SETTINGS UP TO 42°

By RAY wnmmR .

SUMMARY

A .$-foot model of Navy propeUer No. @ii! w testm
in conjunction with an N. A. C. A. cowled nu.cellt
mownied ahead of a thick wing in the fiO-footpropelLw-
reeearch tunnel. A range of propd.-kr piiches from 17C
to .@?” ai 0.76R w covered, and for this propeller th
ejiteienq reached a maximum d a pdch setting of %7°;
at higher pitches the ej%kw%n were shghily k-wer. %
comectedpropulsive e#oiency is hum to be independent
of the angle of attackfor the M@epeed and & climbi~
rangee of jigti. A working chart is presen#edfor tha
selection of similar propellers ouer a wide range of air-
plane speed, engine power, and propeller revolution
speed.

INTRODUCI’ION

Of the numerous N. A. C. A. reports on the char-
ncteristim of metal propeks, probably tbe most
widely used is reference 1,which provides working
charts for the selection of propellers for use with engines
located in the various shapes of fuselages commonly
used at the time of publication. A suilioient range of
airplane speed, engine power, propeller pitoh, md
propeller revolution speed was covered -in the6e teds
to meet and even to exceed the needs at that time.
The recent increase in high speed and the use of more
highly powered and of geared engim% has, however,
necessitated additional propeller tests.

Current research of the N. A. C. A. on wing-nacelle-
propeller arrangement, cotied mainly to a propeller
pitch of 17° at 0.75R, has shown that position B of
reference 2, with the nde located in line with and
about 30 percent of the chord ahead of the leading
edge of the wing, is one of the desirable combinations
for use with radial engines. Accordingly, this position
was selected for an extension of the program to include
tests of a propeller-pitch range from 17° to 42° at
0.75R. The subject ‘paper presents the results of these
tests in a form suitable for the selection of a propeller
for a wide range of conditions; the resuh% cover the
present needs aa well as some future possibfities.

APPARATUS AND METHODS

The tests were conducted in the N. A. C. A. 20-foot
propeller-research tunnel (reference 3). The wing of

6-foot chord and” M-foot span, the nacelle, and the
propeller described in reference 2 were used. The single
sting was replaced by a double one with offsets at the
rear, partly for convenience and partly to secure a
larger negative angle of attack.. (See fig. 1.)

The method of testing was similar to that of refer-
ence 2 except that tare runs were omitted because
previous tests had shown that the tare was independent
of lift and therefore not required in the analysis. The
wing was tested for airfoil characteristics from —10°
to 10° angle of attack with and without the nacelle.
Propeller tests were then made with propeIler pitches

born 17° to 42° at 0.75R for wing angles of attack from
—8° to 5°.

The V/nD range for each pitoh was obtained in the
following manner: A revolution speed was set that
would require about the maximum torque of the motor
at the ground point. This revolution speed was held
constant and the air speed gradually increased up to
~bout 102 miles per hour. In order to obtain the
higher values of V/nD, the air speed was held at 102
milesper hour and the revolution apeed decreased.
The following values of propeller speed (within +15
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r. p. m.) were used for the constant revolution-speed
po;tion of the tests.

Pitch atO.75R R-olmllerqnd

I

y7eu r.p.m
2s30

m
27

2,m
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L9S0
1,m

37 1,475
42 L403

RESULTS

These results are presented in the same graphic and
tabular fo’rm as in previous wing-nacelle reports. A
detailed &&sion of the accuracy and manner of
present&ion may be found in references 2 and 4. The
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nondimensional coefficients and symibo~ employed are
given and defined as follows:

a.=% (propeller r(?IIIOVf@)

CD=~~ (propeller removed)
.—

C.p=$ @opeller operating) .

.CT=(T–AD)_ (R+D
LJpn=~ pnz

R+DL
‘%..==

O.=>

q= E$Zv=(+v=(&)_J

(R+DL)V C.wn V

()‘“”.=~” - ‘Cp nD

cvhere
g, dynamic pressure (% p V’).
P, m=s density of tie air.

V, velocity.
S, area of the wing.
T, thrustof propeller operating iu front of a

body (tension in crankshaft).
R, resultant forward force.
D, drag at given angle with propeller removed.

D., drag with propeller removed at the lift
obtained with the propeller operating
(same dynamic pressure).

AD, charige in drag of body due to action of
. propeller.

n, revolutions per unit time.
D,. propeller diameter.
P, p.~wer.

Th6 airfoil characteristics of the wing alone and for
the wing with nacelle are given in figure 2. No tare
~orr~ctionshave been made. It should be noted that
measurements have been made for close increments
]f angle of attack, especially in the region of minimum
hag.

Although propeller tests were made at 17°, 22°, 27°,
32°,37°, and 42° pitch at 0.75R at each of —8°, —6°,
–2.5°, 0°, 2.5° , and .5° &ngle of attack, only n few
wmple test curves are shown. Figures 3 and 4, which
ire for the two eitremes of pitch tested, show a con-
siderable scattering of the test points, particularly of
the thrust at the high pitch (420). The power varirL-
tions are largely a function of pitch, not angle of attack,
and all power data are reliable, since the torque was’
measured directly and is not a computed value a.ais
the thrust (thrust= resuhnt force + drag). The
efficiency pointsj being computed from the thrust and
power, show a dispersion similar to the thrust.

In tests of this type there is an inherent scattering
of thrust-coefficient points at maximum ef%ciency
and beyond, which increases as either the angle of
Rttack or prope~er pitch is increased. Three reasons
exist for this dispersion. First, scattering occup
because the thrust, a computed value, ig determined
ESthe algebraic sum of the tyo measured quantities
R and D. As zero thrust is approached these quanti-
tiesare of the same order of magnitude but of opposite
3ign and consequently a small error in either m~y be
Jlarge percentage error in the effective thrust. Second,
hcreasing the angle of attack, in addition to incensing
the drag fo~e, introduces correspondingly larger foice
tiuctuations that are independent of propeller pitch.
I’bird, and probably most important, in order to
]btain the higher values of V/nD that correspond to
@her pitches, the revolution speed of the propeller
nust be decreaaed because the tunnel air speed is
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limited. As the thrust co65cient varies directly as
the thrust and inversely as n%, the mattering with
propeller pitch will. vary roughly as (V/nD)s for the
same value of thrust edficient and the same value of

pitch as at the lowest. The curves for the 37° pro-
peller pitch at 0° angle of attack of the wing are an
example of what would result if most of the test points
were obtnined under adverse conditions resulting from
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force fluctuations. On this basis the fluctuations of the three reasons discussed. The thrust is high rmd
the thrust coeiiicient would incrense with pitch and the effect on the efficiency is more obvious; this thrust
would be from 4 to 10 times as great at the highest curve was omitted in obtaining average vrdues.
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METHOD OF ANALYSIS

A full discussion of the di.i3culties and methods o:
comparing wing-nacelle-propeller combinations is giver
in references 2 and 4 and need not be repeated here
The “corrected propulsive efficiency” was introduce
in reference 4 and is the basis on which these data art
analyzed.

Figures 5, 6, and 7 are composite curves of correctei
thrust, power, and corrected propulsive efficiency fo]
all the pitches tested from –8° to 0° angle of atti~
of the wing; the curves for 2;5° and 5° are not includei
on account of the scattering of points previously men-
tioned. These data have been corrected similarly tc
those of reference 4 except that, instead of computing
the difference in induced drag and jet-boundary cor-
rection, it was read directly from figure 2 and therefore
includes a slight change in profile drag. This method
of correction, considered admissible since previous tests
have shown the tare drag to be independent of the lift,
gives slightly higher valuea of thrust and efficiency than
the method of reference 4, which assume9 no change
in profile drag. The di.fhmnce in thrust and efficiency
obtained by these two methods is small, especially near
maximum efficiency, and certainly does not uceed the
limits of accuracy of the teds.

The composite curves in figures 5, 6, and 7 in&ate
that, up tQ 0° angle of attack, the limit to which the
data are considered to be reliable, the correctid tbmst;
power, cud corrected .prop.ukive efficiency are ind~
pendent of angle of attack. Average curves were
accordingly drawn from @urea.5 and 6, omitting the
thrust for 37° pitch at 0° angle of attack. Figures 8
and 9 show these average valuw of thrust and power
and figur~ 10 shows “the recomputed corrected pro-
pulsive eficiepcy, based on the foregoing averages.
Table I lists these values together with the computed
value of the operating coefficient 0s.

Figure 11 presents the data of table.1 in working-
chart form. Figure 12 is a plot of CL. against C! giv-
ing average values for all pitches. Table II lists values

read from figuye 12.

DISCUSSION

The airfoil curves for the wing alone and the wing
with nacelle Ls shown in figure 2 are conventional.
In general, the effective nacelle-drag coefficient at a
constant lift is in good agreement with that of refer-
ence 2. Although the effective nacelle-drag coefficient
varies somewhat with lift, it may be taken as 0.0026
for this combination over the high-speed range of
tight. .

Figure 7 indicates a tendency of the corrected pro-
pulsive efficiency to increase with angle of attack.
This same trend is also shown by the data in reference
2 when the corrected propulsive efficiency is computed.
Over the high-speed and climbing ringe of lift co-
efficients the change in corrected propulsive eficiency

is mall, being almost within the accuracy of the ex-
periments. The corrected propulsive efficiency may
therefore be considered to be independent ,of the angle
of attack except in very special cases and may be
taken as the average over the high-speed and the
climbing range.

The working chart given in iigure 11 is to be used
in the same mamner as those of reference 1. This
chart is, of course, based on certain fixed test condi-
tions and in its application due allowances should be
made for the effects of changes in propeller diameter,
power input, and other variables.

The effect of the propeller on the lift is shown in
figure 12. The curves apply ody to these particular
test conditions and must not be considered to have
general application. They have been inserted to give
the change in lift caused by the propeller and also to
show that for a given arrangement the effect of pro-
peller pitch is slight with a iixeddiameter propeller at
constant valueg of C9. No test points (see figs. 3 and
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4) are given, but the maximum variation of the faired
H.WWSfor each pitch is shown. The small effect of
propeller pitch may seem unusual but a few simple
computations at the different pitches, assuming 09,
velocity, propeller diameter, and angle-of-attack ccn-
Jtant, will show that the thrust is about the same for
dl pitches and, since the change in lift for any com-
bination is mainly a function of propeller thrust, it is
not unreasonable that the lift variation with propeller
pitch should be small.

These are the fit published results of tests made
in the propeller-r~earch tunnel of propellem at.pi@hes
greater than about 27° at 0.75R. It is hoped that
they may be useful in indicating trends for higher
pitches from previous tests for lower pitches aswell as be
useful to the designer of mod=m ‘high-speed airplanes-
The reason for the falling off in .efficiancy m early as
27°ismot fully explained. One possibility is that there
may be increasing interference with the wing as the
pitch of tbe propeller is increased. Available data
(reference 5) covering the values of propeller pitches
only up”to 23° provide evidence that the tendency of
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tbe wing interference is to increase as the propeller
pitch is ihcrensed. The pitch distribution of the pro-
pellerused in this investigation is not considered
particularly good for the higher pitches and a series of
full-scale tests with more favorable pitoh distribution
is contemplated. It is expected that some improve-
ment in the efficiency in the higher pitch ramgeoan be
obtnined.

LmGrmY Mmomu AERONAUTICALLABORATORY,
NATIONALAmmoEY CO~U~EE FOEAERONAUTICS,

LANGLEYFIELD,VA., _lVouezalxr 1,%?,1936.
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